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Phytoplankton Composition in Santubong Estuary 
 
Nik Zulaikha binti Nik Abdullah (31614) 
 
Aquatic Resource Science and Management Programme 
Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 
 
ABSTRACT 
A study of phytoplankton composition in Santubong estuary was carried out to determine the cell 
density and abundance of phytoplankton species and relationship with environmental factors. A 
total of ten sampling trips were undertaken at the estuary from October 2013 to February 2014. 
The phytoplankton composition recorded in the estuary was dominated by diatoms group. The 









. The predominant groups of phytoplankton observed in this study were Coscinodiscus 
sp., Cyclotella sp. and Nitzschia sp. Moreover, the phytoplankton composition in the estuary was 
affected by several environmental factors, i.e.  temperature, salinity, water transparency and pH 
as well as macronutrients. Each factor showed different degree of correlation with the 
phytoplankton community structure. 
Keywords: Cell density, diatom, dinoflagellates, environmental factors, phytoplankton 
composition 
ABSTRAK 
Satu kajian mengenai komposisi fitoplankton telah dijalankan di muara Santubong untuk 
menentukan kepadatan dan kebanyakan sel spesies fitoplankton dan hubungan dengan faktor-
faktor alam sekitar. Sebanyak 10 persampelan telah dijalankan di muara dari Oktober 2013 
hingga Februari 2014. Komposisi fitoplankton yang dicatatkan di muara tersebut telah 









. Kumpulan-kumpulan utama 
fitoplankton dalam kajian ini adalah  Coscinodiscus sp., Cyclotella sp. dan Nitzschia sp.. 
Tambahan pula, komposisi fitoplankton di muara dipengaruhi oleh beberapa faktor persekitaran 
seperti suhu, salinity, ketelusan air dan pH dan juga makronutrien. Setiap faktor menunjukkan 
tahap perkaitan yang berbeza dengan struktur komuniti fitoplankton. 





Aquatic ecosystem covered over 70% of earth‘s surface. Phytoplankton played important roles in 
nutrient cycling and also in food webs as it contributes in the primary production of aquatic 
ecosystem. Mass occurrences of phytoplankton caused by large inputs of nutrients eventually 
leads to the blooms of phytoplankton that contain high concentration of algal biomass (Camacho 
et al., 2007). Blooming of the phytoplankton can cause oxygen depletion and over-growth of 
potentially toxic species of phytoplankton known as Harmful Algal Blooms (HABs). Global 
increase in the frequency, intensity and also geographic spread of HABs event has attracted 
attention because of the adverse effects on public health, seafood safety, aquaculture industry, 
surrounding environment and also to the other organisms.  
 There are two important components which form the base of aquatic food chain. These 
components include diatoms and dinoflagellates (Davis, 1955) and according to Nwankwo 
(1990), dinoflagellates are second in the importance after diatoms as the basic food producers in 
the plankton marine waters. Diatoms also represent one of the most important members of the 
group and characterized by having a siliceous cell wall (frustule). They contribute up to 45% of 
the total primary production in the ocean (Mann, 1999) and about 20-25% globally (Werner, 
1977).  
 Most of the dinoflagellates species are planktonic and live in salt water unlike diatoms 
species, although there are some of the dinoflagellates species found in freshwater ecosystems 
(Onyema et al., 2006). For some reason, dinoflagellates exhibited unique features and 
differences in their adaptive ecology from the diatoms which may favoured their increase in 





 However, there are a number of genera of phytoplankton that can produced biotoxins 
includes dinoflagellates, diatoms and also prymnesiophytes; but the most common toxin 
producing phytoplankton is marine dinoflagellates. Pyrodinium bahamense is a member of 
marine dinoflagellates that produce neurotoxin of saxitoxin which caused many cases of human 
illnesses and fatalities than any other Paralytic Shellfish Poisoning (PSP)-producing 
dinoflagellates (Usup et al., 2012). The environmental factors that favour the blooms of P. 
bahamense is influenced by seawater temperature, salinity and relative concentrations of 
ammonia and phosphates that in turn depending on the rainfall and runoff (Morquecho et al., 
2012).  
 Environmental factors also responsible in regulating the growth of phytoplankton. 
Phytoplankton biomass and primary production depend on nutrient dynamics of coastal and 
estuarine ecosystems. Physicochemical parameters like light intensity is one the most important 
factors in regulating the growth of phytoplankton (Fatimah et al., 1984) other than parameters 
such as water temperature, salinity, water transparency and also pH. Anthropogenic inputs of 
excess nutrients had affects phytoplankton community as well their primary productions to a 
great extent. However, enhanced nutrient loading also helps to stimulate their productivity 
(Cloern, 1999). For the nutrient requirements, Aldridge et al (1995) stated that nitrogen is the 
most common limiting nutrient for phytoplankton growth.  
Estuary acts as transition zone between land and sea which formed from mixing of fresh 
water and seawater. Estuary play role in the circulation of nutrient flux from land to the sea 
(Muylaert et al., 2005). In estuary, phytoplankton communities are formed mainly by microalgae 
such as diatoms to a lesser extent of dinoflagellates and also chlorophytes (Sodrè et al., 2011). 
The physiological and distribution of aquatic organisms including phytoplankton communities is 




Few studies have been done related to the distribution of phytoplankton in Malaysia. 
Boonyapiwat (1997) showed that the phytoplankton communities in Malaysia were affected by 
surface currents and monsoon and the phytoplankton blooms were dominated by diatoms as 
diatoms are the main group of phytoplankton observed.  
These studies are more focus on the distribution of phytoplankton with no correlation of 
the relationship with environmental factors which played significant roles in regulating the 
composition and distribution in the environment they occupied. Apart from that, studies related 
with water quality mostly orientated to the physical and chemical parameters with little attention 
given to the biological aspects (Khan, 1990) especially relationships of these parameters with the 
distribution of phytoplankton. Environmental factors also influenced the toxicity production in 
some species of phytoplankton (Lim et al., 2006) and the influential factors include temperature, 
salinity (White, 1978; Ogata et al., 1987) and pH (Lim et al., 2012). 
A study has been conducted in 2008 and was continued until 2012 to correlate the 
distribution and composition of phytoplankton with environmental factors and to establish 
continuous data collection of phytoplankton composition in Santubong estuary. There was 
aquaculture activity operated in the estuary and consequently had influenced the phytoplankton 
composition together with the fluctuations of water parameters such as salinity and nutrient 
content. 
 So, the objectives of this study is to determine the phytoplankton composition which 
include the phytoplankton taxa, genus identification as well the frequency of occurrence of 
phytoplankton throughout the sampling periods. This study aim to determine the physic chemical 
parameters, macronutrients and measurement of chlorophyll a concentration related to the 




2.0 LITERATURE REVIEW 
2.1 Types of phytoplankton species in Malaysia waters 
There are several species of phytoplankton that can be found within Malaysia waters such as 
Bacillariophyta, Cyanophyta, Chlorophyta and also Dinophyta (Muhammad Adlan et al., 2012). 
According to Shamsudin et al (1987), diatoms are the most abundance phytoplankton found in 
coasts of Johore, Kelantan and Terengganu with numerous species such as Chaetoceros and 
Pleurosigma. In this study, the range of phytoplankton size that was determined was about 20 to 
200 µm which include microplankton, nanoplankton and also picoplankton. However, only the 
microplankton was highlighted that include HABs species of diatom and dinoflagellates. 
Boonyapiwat (1997) also stated that phytoplankton blooms were dominated by diatoms 
as the main group of phytoplankton found within Malaysia water. The highest cell densities of 
Skeletonema costatum was due to the bloom occurred in the post-monsoon season while toxic 
species of dinoflagellates found in low densities. An algal studies conducted in Gunung Stong, 
Kelantan consisted of 25 species of phytoplankton recorded with the most represented class was 
Bacillariophyceae followed by Chlorophyceae, Cyanophyceae and Rhodophyceae (Merican et 
al., 2006).  
Furthermore, phytoplankton composition in tropical lake, Paya Bungor, Pahang showed 
that Chlorophyta was the most diverse and Cyanophyta was the most abundant phytoplankton. 
The brown water of the lake supported higher density of phytoplankton population than the 
white water system of the lake (Fatimah et al., 1984). Diatoms can be found abundantly because 
they were able to tolerate to the unfavourable environmental conditions temporarily by evacuate 




Diatoms dominated Langat estuary (Lassen et al., 2004) as well as Perak estuary and 
salinity is the main factor that influenced the distribution of phytoplankton in this region. 
Generally, the phytoplankton diversity in Perak estuary was similar with the freshwater diversity 
rather than marine diversity due to the large flow of freshwater into the estuary during northwest 
monsoon (Nursuhayati et al., 2013). Cyclotella, Coscinodiscus, Thalassiosira, Pleurosigma and 
Chaetoceros were the main five genera of diatoms found in marine waters with the most 
dominant form was centric form. Based on the study that was done in the Pahang estuary, the 
most dominant phytoplankton found was Leptocylindrus sp. with the least number of 
phytoplankton found was Gymnodinium sp. (Jalal et al., 2011). 
Moreover, there are twenty two genera of diatoms identified from Santubong and 
Samariang estuaries in Sarawak which includes eleven genera of centric diatom with five species 
from Thalassiosira and three species from Coscinodiscus (Hilaluddin et al., 2010). There were 
six species of Pseudo-nitzschia identified from 108 clonal cultures isolated from Malaysia 
Borneo coastal waters which includes Pseudo-nitzschia brasiliana, P. cuspidata, P. dolorosa, P. 
micropora, P. pungens and P. circumpora (Lim et al., 2012).  
Alexandrium taylori and A. peruvianum were reported for the first time in Malaysia 
waters for the occurrences and toxin production of paralytic shellfish poisoning (Lim et al., 
2005). In addition, five species of dinoflagellates were found in the coastal waters of Peninsula 
Malaysia include Alexandrium affine, A. leei, A. minutum, A. tamarense and A. tamiyavanichii. 
A. tamyavanichii present only in the central to southern part of Malacca Straits and A. tamarense 
was found in the northern part of the straits (Lim et al., 2002.  
 
7 
2.2 Relationships of ecology of phytoplankton with physiochemical parameters 
The study of physicochemical parameters is important in determining composition and 
distribution of phytoplankton community. These parameters can trigger the growth of 
phytoplankton community which able to cause changes in their growth due to the fluctuations of 
parameters. These changes can give impact to the food web structure and energy flow in the 
pelagic ecosystem.  
Phytoplankton production and composition are largely influenced by concentration of 
nutrients and light availability (Fatimah et al., 1984). Maximum production of phytoplankton 
occurs at the water surface layer but shifts to the subsurface layers on hot days due to the photo 
inhibition at the surface layers. This is also because of the impacts from increasing surface water 
temperatures which likely to alter the phytoplankton bloom dynamic and community structure 
(Lewandowska, 2011). As the sea surface temperature increase, water column becomes stratified 
resulted in the reduction of vertical mixing and nutrient transfer to the upper layer (Doney, 
2006). This will subsequently affect the productivity of phytoplankton as nutrients are important 
in regulating phytoplankton composition and productivity. 
The enrichment of water body caused by rainfall, river runoff and sediment discharge 
from land drainage (Hamid et al., 2004) also affect the fluctuations of nutrient content influenced 
the composition of phytoplankton community. Moreover, the distribution and behaviour of 
nutrients are also affected by tidal and weather conditions (Tanaka & Choo, 2000). Nutrients 
such as nitrate and phosphorus decrease as a result from the utilization by algae growth as the 




In Malaysia, main monsoon seasons i.e. Southeast (SE) and Northeast (NE) monsoons 
were associated with the total rainfall and salinity changes (Nursuhayati et al., 2013) as well as 
wind speed that aids in the circulation and mixing of nutrients at certain depths in the water body 
that promotes the upwelling. Surface current distributes phytoplankton communities in the 
surface layer as the nutrients were stirred up and transported by the currents. This nutrient rich 
water will eventually influences the abundance of phytoplankton as the phytoplankton 
communities were affected by surface currents and monsoons (Boonyapiwat, 1997). During NE 
monsoon, area in east coast of Malaysia generally received large amount of rainfall starting from 
November until March (Yoshida et al., 2006). Densities of phytoplankton population increased 
during dry season (January to September with scattered rainfall in April) and decrease in wet 
season (October to December). This is due to the dilution of planktonic organisms as well 
increase in volume of water (Fatimah et al., 1984). Boonyapiwat (1997) stated that monsoon is 






2.3 HAB occurrences in Malaysia waters 
Blooming of phytoplankton in response to the favourable changes to the environmental condition 
which known as ‗red tides‘ or harmful algae blooms (HABs) (Shumway, 1990) may resulted in 
adverse effects and serious concern to the public health, seafood safety, aquaculture and also 
economic. These blooms can be either toxic or noxious and classified by three different groups 
of species (Hallegraff, 1993). First group is species that produce harmless water discolouration 
however dense blooms can cause mortality of fish and invertebrates due to the oxygen depletion. 
Second group is species that produce potent toxins resulted in variety of gastrointestinal and 
neurological illnesses to humans and third group is species which are not toxic to human but can 
cause clogging the gills apparatus to fish and invertebrates. 
The first HAB incident by shellfish intoxication in Malaysia was reported in 1976 
whereby marine dinoflagellate Pyrodinium bahamense var. compressum was the main causative 
agent that attributed to the blooms in west coast of Sabah (Roy, 1976). This species produces 
saxitoxin that caused Paralytic Shellfish Poisoning (PSP) and showed irregular fluctuations in 
their populations triggered by nutrient concentration and availability of viable cyst that resulted 
in unpredictable blooms. Dominant species of HABs were dinoflagellates species of Noctiluca 
scintillans and Pyrodinium bahamense as the principal species for HABs event in South China 
Sea which include Malaysia (Wang et al., 2008). In addition, P. bahamense is a tropical species 
of phytoplankton that has narrow range of temperature for reproduction as it blooms at 




There are three species of toxin-producing dinoflagellates species that caused PSP in 
Malaysia waters which include Pyrodinium bahamense var. compressum in Sabah, Alexandrium 
tamiyavanichii in Sebatu, Malacca Straits and A. minutum in Tumpat, Kelantan (Lim et al., 
2003). 
In early 1991, three were intoxicated after ingestion of contaminated green mussel, 
Perna viridis, cultured and collected from a newly established mussel farm in in Sebatu, Straits 
of Malacca and Alexandrium tamiyavanichii was the agent responsible for this event. It was 
reported that A.tamiyavanichii and A.minutum are the only two species of Alexandrium that 
responsible for PSP event in Southeast Asia (Usup et al., 2002; Lim et al., 2007). Studies by 
Azanza & Banula (2005) have shown that blooms of Cochlodinium polykrikoides that was found 
in Sabah coastal waters is due to the southwest wind conditions that influenced coastal current to 
bring vast amount of phytoplankton along the coast. 10 species of dinoflagellates from 35 
species of 6 different orders were identified as potentially HABs species and there was no 
serious cases have been reported due to the outbreaks of these species along the coastal waters 
off Malacca Straits (Normawaty et al., 1997). 
Other than that, six persons were hospitalized and one fatal due to the consumption of 
contaminated Polymesoda sp. or locally known as ―lokan‖ in 2001 that took placed in Tumpat, 
Kelantan, east coast of Peninsular Malaysia (Lim et al., 2004). In subsequent year, study by Lim 
et al (2005) showed that Alexandrium taylori and Alexandrium peruvianum also responsible for 
PSP toxin production in Malaysia waters. However, there were no cases of PSP related to human 






 Moreover, joined-researchers from Universiti Malaysia Sarawak (UNIMAS) and 
Fisheries Research Institute had done a study in the Straits of Johor and found about 11 
microalgae species which seven of them were associated with the outbreaks of blooms that is 
harmful either as fish killers or toxin producers. During January and February of 2013, it was 
reported that three fatal and over 40 people were intoxicated due to the shellfish poisoning that 
took place in Sepanggar and Inanam which both near to the Kota Kinabalu that is the state with 
worst case of HAB had been reported (The Star, 2014). Recently, in 2014, the phytoplankton 
species identified to have caused the killing of fish in Tanjung Kupang, Johor was Karlodinium 
australe. The fish kill lasted about two weeks which affected some of the commercially cultured 
fish species of snappers, estuary cods, seabass and threadfins and the losses due to this event was 
about RM 150 000 (the Star, 2014).  
Other dinoflagellates that were potentially toxic include Dinophysis caudata, D. 
rotundata and Prorocentrum lima (Usup et al., 2002). These dinoflagellates responsible for 
diarrhetic shellfish poisoning (DSP), which is the second important seafood toxicity due to alga 
toxins and several other countries showed that DSP emerged with the establishment of large 
scale mussel farm (Lembeye et al., 1993; Lim et al., 2003). Although the occurrences of 
Dinophysis spp. caused DSP, no fatalities and poisoning was reported (Lim et al., 2003). 
Ciguatera fish poisoning (CFP) is also one of the seafood poisoning toxins produced by benthic 
dinoflagellates such as Gambierdiscus toxicus, Ostreopsis ovata and Coolia spp. (Lim et al., 
2003). Furthermore, domoic acid (DA) was recognized for amnesic shellfish poisoning (ASP) 
(Wright, 1989) and the causative organisms identified were pennate diatom Pseudo nitzschia 




3.0 MATERIALS AND METHODS 
3.1 Study site  
Samplings were carried out in Santubong estuary selected as the study site for this research 
project (Figure 3.1). Samples were collected from Jabatan Perikanan Laut Sarawak jetty with 
GPS reading of N 01º42'43.7", E 110º19'27.2". The samplings have been done from October 
2013 to February 2014 (Table 3.1) during high tide as there was intrusion of seawater in the 
estuary and affects the transportation of nutrients throughout the estuary. This will give impacts 
to the phytoplankton composition within the study site. 
3.2 Collection of water and phytoplankton samples 
Water samples were collected from the study sites for both qualitative and quantitative samples 
of phytoplankton and nutrient analysis. Samples were filtered through 20μm mesh plankton net 
for qualitative samples meanwhile for the quantitative samples, the samples were collected by 
Van-Dorn water sampler. In-situ water parameters such as pH and temperature were measured 
using portable pH meter (HANNA Instrument, USA) and salinity was measured using 
refractometer (AGATO, Japan). Secchi disk was used to measure water transparency. All 









2013   
October 14 31 
November 19 29 
December 12 26 
2014   
January 13 21 
February 12 28 
 
Table 3.2: Work flow chart for the  collection of water and phytoplankton samples. 
Pre-sampling 
Calibration of instrument for in-situ water parameters: 
 pH meter 
 Refractometer 
Bottle sample preparation: 
 Phosphate free detergent 
During sampling 
Measurement of in-situ water parameters: 
 Temperature 
 Salinity 
 Water transparency 
 pH 
Samples collection: 
 Water samples with Van-Dorn water sampler  
 Phytoplankton samples with 20 µm mesh plankton net 
Post sampling 
Sample analysis: 
 Chlorophyll a 
 Macronutrient analysis 












3.3 Physical and chemical analysis 
3.3.1 Water filtration and nutrient analysis 
Water samples were collected and filtered through 47 mm Whatman GF/C filters (Whatman, 
USA) by using electrical pump and the filtered samples kept frozen at -20ºC before proceed. The 
filtered water samples were the used in the nutrient analysis by the use of colorimetric method 




-P) and silicate (SiO2). The 
concentration was measured using Hach Kit DR/2800 Spectrophotometer (HACH, USA). 
3.3.1.1 Orthophosphate (PO  -P) 
Orthophosphate (PO4
3-
-P) was analysed by using PhosVer 3 (Ascorbic acid) method and 10 mL 
of sample was added with PhosVer 3 pillow powder and absorbance read at wavelength of 880 
nm.  
3.3.1.2 Nitrate-nitrogen (NO3-N) 
Cadmium Reduction method was used to analysed Nitrate-nitrogen (NO3-N) with wavelength 
reading at 507 nm. NitriVer 3 Nitrate pillow powder was added to 25 mL samples.  
3.3.1.3 Silicate (SiO2) 
Heteropoly Blue Method was used to determine silicate (SiO2) at wavelength reading of 651 nm. 
10 mL of sample was added with Molybdate 3 reagent and Citric Acid reagent pillow powder.  
  
